. Mitchell et al. (1999) also reported a perceived decline in soil quality
W estern Fresno County in the San Joaquin Valley ment alternatives (one blank response) (S.S. Andrews, (SJV) of California is one of the world's most J.P. Mitchell, and D.L. Karlen, unpublished data, 1999) . productive agricultural regions. Farmers in this area Based on that level of participatory support, our project produce more than one-third of the county's annual $3 objectives were to (i) facilitate information exchange billion agricultural output, making it the highest reveamong farmers, consultants, and researchers regarding nue-producing county in the USA (California Dep. of these soil management practices; (ii) monitor and evaluFood and Agric., 1997). Dominant crop rotations inate on-farm, side-by-side comparisons of various SCMPs; clude annual crops such as proand (iii) demonstrate the use of a soil quality index cessing tomato (Lycopersicon esculentum L.), cotton (SQI) for the region. (Gossypium hirsutum L.), onion (Allium cepa L.), garlic (A. sativum L.), cantaloupe (Cucumis melo L. var. reticulatus Naud.), wheat (Triticum aestivum L.), sugarbeet MATERIALS AND METHODS (Beta vulgaris L.), and lettuce (Lactuca sativa L.).
Site Descriptions The intense production practices used in this region
Side-by-side comparisons of conventional and organicinclude frequent and intensive tillage, irrigation, and based production systems were established on 11 farms in extensive use of fertilizers and pesticides but few addiautumn 1995. The farms were located in the western SJV tions of organic amendments to the soil (Mitchell et al., between Mendota and Huron, CA. At the beginning of the 1999). These intensive practices have raised concerns project, we randomly designated adjacent fields at each farm about resource management and water consumption as to receive either conventional or alternative treatments. The well as environmental concerns such as fugitive dust, fields varied in size but generally ranged from 30 to 60 ha ground water quality, and food safety (SJV Drainage each. Treatment integrity was maintained over the entire 3-yr regarding what amendments to use or crops to grow. For this reason, we analyzed the results from each farm separately as period on seven of the 11 farms. Only the results for these farms are presented here.
well as across farms. In one instance, the farmer participant (Farm 7) with extensive experience using organic systems preferred not to adhere
Participation and Design
to the comparison framework of alternative vs. conventional Before the project was initiated, the project manager disat all, choosing instead to compare compost with manure cussed management plans for the side-by-side conventional amendments (two alternatives without a conventional conand alternative fields with each farmer individually and then trol). In 1997, we expanded sampling at Farm 7 to include with all participants as a group. The result of these negotiations adjacent fields under long-term management (Table 2) . The was that cover crop, compost, or manure amendments would short-term compost and manure-amended (3 yr each) fields be used as supplements for alternative fields whenever possiwere also compared with fields that were managed conventionble. The conventional fields would not receive any C suppleally (for 10 yr or more), organically (10 yr without synthetic ments (Table 1) . The farmers were unwilling to accept the fertilizers or pesticides), and transitionally (2 yr organic manperceived risk of lost revenue associated with reducing synagement following long-term conventional practices). Project thetic fertilizer inputs on the alternative fields to reflect the participants from NRCS Soil Survey created detailed soil maps nutrients in their chosen alternative treatment (SCMP). This for these fields to ensure that comparisons were valid. Soil required the alternative treatment to be viewed as a C suppletypes present in the fields were Cerini clay loam (Fluventic ment rather than a fertilizer replacement. All other manageHaplocambids), Ciervo clay (Vertic Haplocambids), and Westment practices for each field pair were to be identical. It haven clay loam (Fluventic Haplocambids). The results from this comparison were analyzed apart from the primary study. was impossible to develop full consensus among the farmers After completing sampling and analyses, we summarized extraction followed by emission spectrometry. Cation exchange capacity (CEC) was determined by the Ba saturation-Ca reand discussed the data with participating farmers to obtain their views and perceptions. These data summaries were subplacement method of Janitzky (1986). Zinc, Fe, and Mn were determined using the DTPA (diethylenetriaminepentaacetic sequently presented and discussed with other farmers, advisors, and researchers. acid) micronutrient extraction method developed by Lindsay and Norvell (1978) . Sodium adsorption ratio (SAR) was calculated from saturated paste extracts of Na ϩ , Ca Staff, 1954) . Six composite soil samples were taken each spring and Electrical conductivity (Rhoades, 1982) and pH of water-satuautumn from alternative and conventional fields. [For brevity, rated pastes (U.S. Salinity Lab. Staff, 1954) were measured we report the results from the beginning and ending sampling using conductivity and pH meters, respectively. Soil aggregate dates (spring 1995 and fall 1998) only. Electrical conductivity stability was measured on 1-to 2-mm-diam. aggregates using (EC) was the only soil quality indicator that appeared to be the slow-wetting, wet-sieve procedure of Kemper and Roaffected by sampling time.] Each sample consisted of 8 to 12 senau (1986). bulked cores taken to a depth of 15 cm. The sampling protocol Soil biological properties were analyzed using field-moist consisted of locating one of six fixed, central reference points samples from 1998. Potentially mineralizable N (PMN) was using field measurements or global positioning system coordidefined as NO 3 -N that accumulated in 35-g (dry weight) soil nates and then collecting soil cores in an X pattern within a samples during a 4-wk incubation at Ϫ30 kPa soil water poten-15-m radius of that point. In fields that were bedded before tial before and after a 4-wk aerobic incubation (Bundy and sampling, cores were collected from the furrow, shoulder, and Meisinger, 1994). For microbial biomass determinations, 20-g center part of beds. In fields that had recently been disked or soil samples were used in the chloroform-incubation method leveled, cores were collected randomly at each sampling site described by Horwath et al. (1996) . Microbial biomass N without regard to surface topography. Large pieces of raw (MBN) was determined for these samples using a K n ϭ 0.58 organic material were removed from the soil surface before conversion factor (Horwath and Paul, 1994) . collecting the samples. After collection, the samples were refrigerated until passed through a (13-by 13-mm mesh size)
Statistical Analyses
sieve and then prepared for analysis.
We compared the alternative and conventional treatment Well-mixed, air-dried samples were analyzed for chemical means for Farms 1 through 6 combined. The data for these and physical properties at the University of California's Divifarms are reported on a gravimetric basis because BD was sion of Agriculture and Natural Resource Analytical Laboradetermined only in 1998. We looked for differences between tory. Soil texture was determined for baseline soils in 1995 by treatments on each sampling date and across the two dates the hydrometer method (Gee and Bauder, 1986) . Soil bulk using the nonparametric Wilcoxon rank sum (c 2 ) test on JMP density (BD) was estimated by the core method (Blake and v. 3 software for Windows (SAS Inst., Cary, NC). 1 This nonparHartge, 1986). Soil organic matter (SOM) was determined ametric test finds differences less often than its parametric using the modified Walkley-Black method of Nelson and Somcounterpart, the t-test (Ott, 1988) . Therefore, we believe the mers (1982) . Total Kjeldahl nitrogen (TKN) was determined rank sum test may be more applicable than the t-test to onusing the standard digestion of Issac and Johnson (1976) . Soil farm studies, where scientific rigor and control over inputs NO 3 -N was extracted with KCl (Keeney and Nelson, 1982) .
are more difficult to obtain than in plot studies, because it is Extracts were analyzed for NO 3 -N via Cd reduction by a modless likely to have false positive conclusions (Type I errors). ified Griess-Ilsovay method using a diffusion-conductivity an-
The expanded data set collected from Farm 7 in 1998, alyzer (Carlson, 1978) . Soluble P (Olsen P) was determined by sodium bicarbonate (NaHCO 3 ) extraction and subsequent colorimetric analysis (Olsen et al., 1954) . Exchangeable K (x-K) 1 Reference to trade names and companies is made for information (Knudson et al., 1982) Soil Quality Index Demonstration related soil functions and processes such as nutrient cycling, water partitioning, supporting biodiversity, filtering and buffWe constructed a SQI for the 1998 soils data from Farm ering, or structural stability. Scoring functions are used widely 7, using techniques that performed well for a smaller-scale under various guises in economics as utility functions (Norexperiment of vegetable production systems in California's gaard, 1994), multiobjective decision making as decision funcCentral Valley (Karlen et al., 1999) , to determine if the method tions (Yakowitz et al., 1993) , and systems engineering as a was sufficiently robust for on-farm applications. Because innotool for modeling (Wymore, 1993) . Andrews et al. (2001) vative farmers routinely experiment with alternative managefound that nonlinear scoring of indicators was more represenment practices, often for only one season before making a tative of system function than linearly scored indicators over decision to adopt, we evaluated a comparative assessment a large range of indicator values measured in northern Calitechnique that does not have to be repeated as part of a time fornia. series. The three main steps of this technique are to (i) select
The expected range for the indicators (x-axis range) was a minimum data set (MDS) of indicators that best represent determined based on observed values in this study and literasoil function, (ii) score the MDS indicators based on their ture values for similar soils and climate (when available). The performance of soil functions, and (iii) integrate the indicator shape of the decision function-typically some variation of a scores into a comparative index of soil quality.
normal distribution, an upper asymptote, or a lower asympTo select a representative MDS (Doran and Parkin, 1994) tote-was determined by consensus of the researchers infor the alternative systems, we first performed standardized volved and literature values quantifying the relationships beprincipal component analysis (PCA) of all untransformed data tween indicators and soil functions ( Fig. 1 ). For example, we that showed statistically significant differences between manused upper asymptotes or more is better functions for soil agement systems using ANOVA or Student's t (as described organic matter (SOM) and water-stable aggregates (WSA) above). Principal components (PCs) for a data set are defined based on their roles in soil fertility, water partitioning, and as linear combinations of the variables that account for maximum variance within the set by describing vectors of closest fit to the n observations in p-dimensional space, subject to being orthogonal to one another. There are many documented strategies for using PCA or closely related factor analyses to select a subset from a large data set (e.g., Andrews and Carroll, 2001; Brejda et al., 2000) . The strategy described here is similar to that described by Dunteman (1989) . We assume that PCs receiving high values best represent system attributes. Therefore, we examined only the PCs with eigenvalues Ն1 (Brejda et al., 2000) .
For a particular PC, each variable received a weight or factor loading that represents its contribution to the PC. We retained only the highly weighted variables from each PC for the MDS. We defined highly weighted as that within 10% of the highest factor loading (using absolute values). When more than one variable was retained within a PC, we calculated their linear correlations to determine whether the variables could be considered redundant and, therefore, eliminated from the MDS (Andrews, 1998). If the highly weighted variables were not correlated (assumed to be a correlation coefficient of Ͻ0.60), then each was considered important and was retained in the MDS. Among well-correlated variables within a PC, the variable with the highest sum of correlation coefficients (absolute values) was chosen for the MDS (Andrews and Carroll, 2001; Karlen et al., 1999) .
As a check of how well the MDS represented the management system goals, we performed multiple regressions using the final MDS indicators as independent variables and measures representing management goals as dependent variables (Andrews and Carroll, 2001; Karlen et al., 1999) . The available management goal variables were: yield (proportion of measured yield/county average to account for different crops), gross revenues (including price premiums for organic produce) the MDS variables based on their performance of soil func-structural stability (Tiessen et al., 1994; Soil Survey Staff, As information regarding changes in soil fertility be-1998). We used a lower asymptote or less is better function came available for each alternative field, one WSD parfor BD due to the inhibitory effect of high BD on root growth ticipant specifically requested guidelines from the manand soil porosity (Soil Survey Staff, 1998 Further, synthetic fertilizer reductions will be necessary Once transformed, the MDS variables for each observation to make organic amendments an environmentally safe were weighted using the PCA results. Each PC explained a option (Sims, 1995) for the SJV and other areas.
certain amount (%) of the variation in the total data set. This percentage, divided by the total percentage of variation There are no data to quantify current annual use explained by all PCs with eigenvectors Ͼ1, provided the SCMPs in the West Side region of the SJV, but we weighting factor for variables chosen under a given PC. We estimate that they are not used on more than 5% of then summed the weighted MDS variable scores for each the row-crop land. In contrast, seven of the original 11 observation in the following formula:
participating farmers (64%) maintained their on-farm comparisons between conventional and alternative soil rotate the fields that received organic inputs; thus, the organic amendments were applied to other, nonproject fields in the second and/or third years. Finally, one farm
RESULTS AND DISCUSSION
was sold during the course of the project, and the new Participation landowner was unable or unwilling to maintain the inDespite numerous coordination efforts, SCMPs evaltegrity of the side-by-side comparisons. The results from uated on participating farms varied considerably in type, the remaining seven farms are presented below. amount, and chemical composition (Tables 1 and 2 ). Compost or manure was applied to alternative fields 14 Soil Analyses on Farms 1 through 6 times, late summer or winter cover crops were grown
We report soil indicator results for samples taken as green manure six times, and combinations of cover when the project began in fall 1995 and in spring 1998 crops plus compost or manure were used twice during for the six farms that maintained consistent alternative the project's 30-mo history (Hartz, 2000) . Crop rotation and conventional treatments over the study period (Taamong farms also differed. Such differences among exble 3). Several additional soil quality indicators were perimental treatments would be intolerable in mechaadded during the course of the study and are reported nistic research programs where control over experimenfor the ending date only (Table 4) . Fourteen of 18 indital design is rarely in question. However, these on-farm cators exhibited significant differences between treatstudies were initiated to demonstrate that SOM building ments, sampling dates, or both. practices could be implemented in the SJV without inAll indicators (except Mn) had significantly different terfering with current cropping practices and to provide baseline values between treatment fields at one or more preliminary soil test data that would help quantify the farms. The number of significantly different indicators impact of those SOM building practices.
Interviews with farmer participants revealed that they ranged from eight (of the 11 indicators sampled in 1995) at Farm 4 to one at Farm 6. Textural differences provide were considering these soil amendments primarily as means of adding C to the soil to improve soil quality one explanation: Soil textures at Farms 1 through 5 varied slightly between adjacent fields but were mostly rather than as fertilizer replacements. Reluctance to reduce fertilizer application rates in alternative-treatclays, clay loams, or loams. Soil textures for alternative and conventional fields at Farm 6 were classified as ment fields stemmed primarily from concerns about yield reductions. Farmers also emphasized that buildsandy loam or loamy sand (data not shown). Another suspected reason for baseline differences in 1995 was ing soil fertility with organic materials generally takes longer than the 3-yr duration of this study. Their knowlthat sampling may have occurred after soil amendment treatments were applied to some farms. Exact dates of edge with respect to SOM and total organic C is supported by the scientific literature, e.g., Christensen amendment applications with respect to soil sampling were not recorded. This is another example of the diffi- (1996) . However, their concept fails for plant-available N, P, K, and micronutrients; many studies have shown culties of working on farm where farmers' schedules do not always coincide with those of researchers. To deal the short-term fertilizer effects of organic amendments, e.g., Yadvinder-Singh et al. (1992) for green manures, with this potential bias, we performed statistical analyses on the percent difference between treatments for each Stephenson et al. (1990) and Cabrera and Gordillo (1995) for animal wastes, and Gagnon and Simard indicator in each year, similar to the technique employed by Karlen and Colvin (1992) to compare farming (1999) for composts. systems. While the baseline differences are a concern, while others showed decreases or no change in these indicators. One likely reason for these inconsistent temif sampling did occur after initial treatment applications, it would only serve to minimize treatment effects when poral responses is the differing quality of the amendments used at the six farms (i.e., differences in C/N or analyzed over time, leading to more conservative conclusions.
lignin/N ratio of the amendment itself). Another factor in the SOM and TKN responses may Soil organic matter was higher in soils from alternative fields than from conventional fields at four of six be the high number and intensity of tillage operations performed in both alternative and conventional treatfarms in 1998 (Table 3) . Similarly, TKN was significantly higher in soils from alternative fields than in soils from ments. Tillage has long been known to deplete SOM (Reicosky et al., 1995) . A written survey including eight conventional fields in five of six farms. However, several farms also had significant treatment differences in 1995, participating farmers conducted during a routine progress report meeting revealed that an average of more including Farm 5 where we suspect treatments were applied before collection of baseline samples. The alterthan six tillage operations are performed each year (S.S. Andrews, J.P. Mitchell, and D.L. Karlen, unpublished native field soils had an average of 8% more SOM and TKN than conventionally managed soils in 1995 but data, 1999). Evidence for a tillage effect is found in the downward trend in mean soil C/N ratio {calculated as 16% more SOM and 19% more TKN in 1998 (P Ͼ 0.001 for each). These on-farm changes in SOM are [(SOM ϫ 0.8)/TKN]} for all fields on Farms 1 through 6. The ratio was significantly lower in 1998 (9.9:1) than consistent with those reported by Clark et al. (1998) for both organic and low-input cropping systems in Califorin 1995 (10.8:1) (P Ͻ 0.009). Mean soil C/N ratio from alternative and conventional fields followed this trend nia's Sacramento Valley.
Although differences between treatments within each separately but with less statistical significance (P Ͻ 0.08 for alternative and P Ͻ 0.05 for conventional). Conyear were significant, the temporal changes in SOM and TKN were less consistent: Some farms showed increases versely, the mean percentage of WSA increased over increased organic matter levels (Duxbury et al., 1989 We analyzed seven soil quality indicators in 1998 that § * ¶ ¶ ¶
were not tested in 1995 (Table 4) . Of these, only BD and soils (Sharpley et al., 1994 higher at five of six alternative fields. This is in agree- § ¶ ment with the findings of Sharpley et al. (1993) , who microbial biomass C and N were both significantly ** Significant at the 0.01 level.
higher in the alternative fields at four of six sites and † Alt., alternative treatment using supplemental C management practices. ‡ Conv., conventional treatment (no C supplement).
in treatment means. Biomass C and N were on average § Significance of 2 comparisons between management practices. 25 and 32% higher, respectively, in soils from alternative ¶ Significant at the 0.005 level.
fields than in soils from conventionally managed fields. This finding is consistent with studies using various ortime at Farms 1 through 6 in the alternative fields, a ganic amendments on different soils (e.g., Bolton, 1985; change that was attributed to increases at three farms. Kirchner et al., 1993; Perucci, 1992) . This is a positive statement for the ability of SOM The on-farm comparisons of alternative and convenamendments to increase soil stability despite intensive tional practices (Tables 3 and 4) provided an indication annual tillage disturbance.
of the short-term impacts of SOM management pracSoil pH was significantly lower in 1998 compared with tices in this region. Potential long-term impacts of those 1995 for alternative fields on three of six farms and for practices can be envisioned from the comparisons at the combined-farm treatment means (Table 3) . This Farm 7 (Table 5) . At this site, we compared fields that same trend was observed for the conventional fields at received short-term compost and manure amendments, three farms (but not for the combined-farm treatment conventional management, long-term organic managemeans). Electrical conductivity also decreased signifiment, and transitional management from conventional cantly over time for both treatments (Table 3 ). Seasonal to organic practices. Sixteen out of 18 soil properties differences probably contributed to this result because differed significantly among treatments. Soil-exchangewinter rains have been shown to decrease springtime able Ca was the only measurement that did not show EC (Weinhold and Trooien, 1995) . Sodium adsorption significant differences among the five management sysratio and CEC showed no consistent trends between tems. Soil pH showed no significant differences by ANtreatments or over time and did not appear to be sensi-OVA, but Student's t showed the conventional system tive soil quality indicators for these systems. Exchangeto have a significantly higher pH than the manure system able K was significantly higher on alternative fields comat ␣ ϭ 0.05. pared with conventional fields in five of six farms and Similar to the six-farm comparison, SOM and TKN the treatment means in 1998. While there were also were significantly higher in the organically managed and significant treatment differences in 1995, the x-K mean compost-amended soils than in the conventional and for the alternative treatment was 11% greater than the transitional soils at Farm 7 (Table 5) . Water-stable agconventional treatment in 1995 and 20% greater in 1998 (P Ͼ 0.007). This was expected because K is a significant gregates, CEC, and x-K were higher for the organic system than for the conventional or transitional systems. mineralizable N, microbial biomass C, and MBN were significantly higher in the organic system than in the Also, WSA, CEC, and x-K were higher for the organic system than for the compost system, manure system, or compost, transitional, and conventional systems. Potentially mineralizable N in the manure system was not both, respectively. Soil BD was significantly lower in the long-term organic field compared with all other systems different from the other systems. Microbial biomass C in the manure system was not significantly different except the conventional. In other studies, organic matter has been linked to decreased soil BD (Weil and Kroon- from that found in the organic system. The manure system was significantly lower in MBN than the organic tje, 1979), increased WSA (Tisdale and Oades, 1982) , and increased CEC (Duxbury et al., 1989) .
system but higher than the other three systems. Several of the extractable nutrients (Olsen P, extractable Fe, and NO 3 -N) were higher in manure amended,
Soil Quality Index Demonstration
compost amended, and organically managed soils comBecause many measurements of potential soil quality pared with conventional and transitional soils. Extractindicators were examined for the first time in these SJV able Mn was higher in the organic and manure systems soils, the information gained from Farm 7 provided an only. Results for Zn seem to conflict with results for exceptional opportunity to demonstrate an approach other micronutrients; the only difference between sysrecently evaluated for vegetable production systems tems was a reduced mean Zn concentration in the manure system.
(0.12-ha plots) in California's Central Valley (Karlen et Many of these results are consistent with findings from al., 1999). Previously, this approach to select a unique, the Sustainable Agriculture Farming Systems (SAFS) site-specific MDS had only been used in humid regions Project, a long-term, plot-scale cropping system experi- (Andrews, 1998; . We opted to comment in California's Central Valley. At the SAFS site, pute the index for Farm 7 because of the greater number SOM, Olsen P, and x-K were all significantly higher in of data points available, which Andrews et al. (2001) the cover crop-based, low-input system or compost-and found beneficial to the accuracy of statistical indicator cover crop-based organic system compared with the selection. The trade-off was that no baseline data was conventional systems (Clark et al., 1998) .
available for the long-term organic, conventional, and In the compost, manure, and long-term organic systransitional fields. We reasoned that the choice to intems, EC and SAR were significantly higher than in the clude these fields was justified due to the similarity of transitional and conventional systems (Table 5 ). This soil series found in the fields, as mapped especially for may be due to increased imports of Na relative to Ca this project by NRCS collaborators. in the organic amendments, which might eventually lead
In the PCA of indicators that showed significant difto problems with the organic treatments under irrigaferences between management systems at Farm 7 in tion, such as reduced water infiltration and salt toxicity 1998, four PCs had eigenvalues Ͼ1 (Table 6 ). Highly to plants. However, observed levels are well below sodic weighted variables under PC1 included SOM, TKN, or saline threshold levels, even for sensitive crops. This EC, x-K, Olsen P, and MBN. Correlation coefficients result is in direct conflict with results of Clark et al. between these variables revealed EC to be uncorrelated (1998), who found organic and low-input systems based with the other highly weighted variables. Hence, EC on cover crops and manures to have significantly lower was retained for the MDS. Of the remaining five well-EC than conventional systems. Electrical conductivity correlated variables, SOM was the most highly correin the 10-yr organic treatment at Farm 7 was not signifilated and was chosen for the MDS as the most represencantly greater than that of the 3-yr compost and manure tative of that group. Under PC2, pH and WSA were treatments, suggesting that EC and SAR increased in highly weighted but not correlated. Both were retained the first few years and then stabilized, perhaps as a result for the MDS. Only one indicator each was highly of SOM buildup and associated binding of multivalent weighted under PC3 (Zn) and PC4 (BD). Both variables cations as bridges between humic and mineral phases were added to the MDS. The final MDS was thus com- (Stephenson, 1994) .
prised of SOM, EC, pH, WSA, Zn, and BD. This MDS In contrast to Farms 1 though 6, PMN at Farm 7 is very similar to the PCA-chosen MDS in the SAFS appears to be as sensitive to differences between systems as microbial biomass C and MBN (Table 5) . Potentially experiment, which included SOM, EC, pH, TKN, and We used management goal data ( In a more controlled environment (i.e., plot studies vs. results from this technique in northern California (Karlen et al., 1999) and in Georgia (Andrews, 1998; Anexchangeable Mg and Ca (Karlen et al., 1999) . We suggest that this similar composition of MDS's is important, drews and Carroll, 2001) where greater numbers of management goal variables were measured. considering there were differences in soil type, scale, inputs, and analyses performed for the two studies.
After the indicators were transformed using scoring functions (as shown in Fig. 1 ), the SQI was calculated lated. These data provide clear evidence that indicator properties can be changed through SOM building pracusing weighting factors for each scored MDS variable according to the following formula:
tices in an irrigated, mediterranean climate such as that of the SJV. The fact that these differences were measur-
0.61 ϫ S SOMi ϩ 0.61 ϫ S ECi ϩ 0.16 able in an on-farm experiment utilizing the intensive tillage practices typical in the SJV (Mitchell et al., 2001) suggests simple SCMPs could significantly improve soil ϫ S pHi ϩ 0.16 ϫ S WSAi ϩ 0.14 ϫ S Zni function without necessitating major management sys-ϩ 0.09 ϫ S BDi [2] tem changes in this region. However, reductions in synthetic fertilizer inputs commensurate with the fertilizer where S is the score for the subscripted variable and effect of the organic input will be necessary to reduce the coefficients are the weighting factors derived from environmental risk (Sims, 1995) . the PCA. Weights were determined by the percent of This study also demonstrated that techniques used variation in the data set explained by the PC that conto compute SQIs for controlled experiments could be tributed the indicated variable divided by the total persuccessfully applied to on-farm studies in the SJV by centage of variation explained by all PCs with eigenvecselecting site-specific indicators for a MDS, scoring inditors Ͼ 1 (see Table 6 ). Using this formula, the SOM cators according to their performance of soil functions, and EC variables appear to drive the SQI results (Fig. and combining the scored values into an integrative 2). The organic system received the highest SQI value.
index. This framework emphasizes that soil quality asSoil quality indices for the manure and compost systems sessment is a tool that can be used to evaluate the effects were significantly lower than the organic system but of land management practices on soil function. significantly higher than the conventional treatment. The SQI value of the transitional system was not significantly different from the manure, compost, or conven- These outcomes may also reflect ecosystem services tional inputs (Herrick et al., 2002 TKN, x-K, and MBN, all of which were highly corre-
